Abstract. In this work we review the contribution made by scientists working at Mexican Institutions to the topics of Deep Inelastic Scattering and Collider Physics. In particular, we review the heavy vector boson production through e − p and ν l N deep inelastic collisions. Our review is restricted to theoretical contributions.
INTRODUCTION
Our aim in this paper is to review the contribution made by scientists working at Mexican Institutions to the topics of Deep Inelastic Scattering (DIS) and Collider Physics [1] . We review in more detail the heavy vector boson production through e − p and ν l N deep inelastic collisions. Our review takes into account only theoretical contributions, the experimental contributions to DIS and Collider Physics will be reviewed by other authors in these Proceedings. This paper is organized as follows. In section II, we survey the contribution done on DIS by researchers working at Mexican Institutions. In section III, we present the contributions on Collider Physics made by researchers working at Mexican Institutions. In section IV, we review the production of a massive vector bosons in deep inelastic lepton-nucleon scattering and we give a summary of results and conclusions for the total cross section and differential cross section as a function of the dimensionless variables x and y for all the different reactions and reaction mechanisms which contribute to charged vector boson and neutral vector boson production in e − p-collisions. This section also contains the results for the energy spectrum and the angular distribution of the produced Z 0 . Finally, in section V, we review the production of a massive vector bosons in deep inelastic neutrino-nucleon scattering and summarize our results and conclusions.
DEEP INELASTIC SCATTERING
At low energy the electrons are deflected slightly and the protons recoiled. As the energy of the electrons was increased a threshold energy was reached beyond which the electrons were deflected through much greater angles. At the same time the protons started to fragment into a shower of particles rather than being deflected themselves. It has been started to see evidence for charged quarks inside the proton. The first real evidence came as a result of the analysis of data taken by an experiment at the Stanford Linear Accelerator Centre (SLAC) in the late 1960s. The leaders of this experiment, Friedman, Taylor and Kendal, were awarded the 1990 Nobel Prize in Physics.
It has long been realized that the nucleons are not point particles but are of finite size ∼ 10 −13 cm while the evidence from symmetries has suggested that they are built from quarks. Probing the nucleons dynamically by means of DIS of leptons (electrons, muons and neutrinos) has led to an understanding of nucleon structure, to the confirmation of the quarks as the elements of the nucleon substructure and to measurement of the quark properties. The leptons, having no strong interaction, probe the nucleon structure by means of the electromagnetic and weak interactions.
The results of the SLAC experiments were a great puzzle at that time, the quark theory was not well known. The full theory that explained the results was developed by Feynman and Bjorken in 1968. Feynman named the small charged objects inside the protons "partons". However, it soon became clear that Feynman's partons were the same as Gell-Mann's quarks. Some people maintain a distinction by using parton to refer to both the quarks and the gluons inside protons and neutrons.
When the experimental results showed that the electrons are being deflected by large angles and the proton is fragmenting into a shower of hadrons, then we can deduce that the electron is interacting directly with the quarks within the proton. At the end, it was possible to establish that there are three quarks inside the proton and that their charges correspond to those suggested by Gell-Mann and Zweig. Deep Inelastic Scattering forms the cornerstone of our physical evidence for the existence of quarks.
C. Domínguez, J. Pestieau, H. Moreno and A. Zepeda at the CINVESTAV-IPN, and G. Cocho at the National University (UNAM) were pioneers in doing research in DIS at Mexican Institutions. These researchers and their collaborators contributed to the understanding of some aspects of the physics involved in the DIS. They have done research in subjects related to DIS such as Hadron Form Factors, Scaling, The Parton Model, Radiative Correction and Sum Rules. More recently, a new generation of researchers is working in the search for new physics in neutrino nucleon dispersion. To end this section, we will list in chronological order the works made in Mexican Institutions in this area.
• "Asymptotics In Inelastic Electroproduction And Photoabsorption," by J. Pestieau (1971) 
COLLIDER PHYSICS
In collider experiments, two beams of accelerated particles are steered towards one another and made to cross at a specified point. The beams pass through each other and the particles interact. The advantages in this kind of experiments are the following: i) It is easier to achieve higher energies as both particles can be accelerated rather than relying on just the one to carry all the energy; ii) If the beams collide head on and the particles carry the same momentum, then the total momentum in the interaction is zero. This means that the produced particles must have a total of zero momentum as well. This is a much more efficient use of energy as it is possible for all the reaction energy to go into the mass of new particles (if they are produced at rest) -no kinetic energy is needed after the reaction. These advantages over fixed target experiments make the collider the experiment of choice in modern particle physics. Although it is gotten plainly more center mass energy and momentum for a given beam energy with colliders there are also disadvantages and many practical difficulties to overcome.
The obvious disadvantage is low luminosity, low event rate. A normal solid or liquid fixed target has a high density of nucleons and can be made many meters long if necessary, to give a better chance of observing the less probable types of collision. Another limitation, coming from the need to store and manipulate the beam particles, is that only charged and stable particles can be used. This restricts the to e − , e + , p, andp, but fortunately it does not much restrict the physics potential. Actually, it is under consideration the construction of a µ − µ + -collider. After four decades of study and development, colliders have become very essential tools of high energy physics.
E. Calva-Tellez, C. Domínguez, H. Moreno and A. Zepeda at the CINVESTAV-IPN and G. Cocho at the National University (UNAM) were pioneers in doing research in Collider Physics at Mexican Institutions. These authors and their collaborators contributed to pace the way to elucidate some aspects of the physics involved in the collider phenomenology. 
Introduction
LEP/LHC will provide us with the possibility to observe e − p-collisions with an energy E ≈ 60 GeV of the electron and E P ≈ 7 TeV of the proton [37] . One of the interesting experiments at LEP/LHC will be electroproduction of weak bosons. One of the goals of LEP/LHC is to look for physics beyond the standard model [38] . However, the events rates for most of the exotic processes are of the same order or smaller [39] than the expected event rates for heavy gauge boson production in e − p-scattering. Hence, although the cross sections for heavy boson production are expected to be not big enough to allow for detailed investigations of the W ± , Z 0 -properties, it is necessary to calculate them. Only if W ± -and Z 0 -production, which are an important background for new physics, are completely known and subtracted the latter can be investigated. Therefore our aim in this section is to review in detail the heavy boson production in deep inelastic e − p-scattering. We did this using the coupling between fermions and bosons as given by the standard model of the strong and electroweak interactions and the parton model [40] with the parton distribution functions reported by J. Botts et al. [41] , which take into account scaling violations and the heavy quarks contribution.
We discussed the following three types of reactions mechanisms which contribute to W ± and Z 0 : W ± and Z 0 -production at the lepton line ( Fig.1(a),(b) ), at the quark line ( Fig.1(c),(d) ) and through the fusion diagram with the non-Abelian coupling of the gauge bosons ( Fig.1(e) ). Our calculations included besides γ-exchange also Z 0 -and Wexchange diagram contributions and consequently are complete.
The first estimation for W ± and Z 0 -production in e − p-scattering were given by Llewelyn-Smith and Wiik in 1977 [42] . Other authors have reported more detailed calculations [43, 44, 45, 46, 47, 48, 49, 50, 51] . It is not possible to compare directly all our results with those of former papers because different cutoffs were applied there. In [45] the total cross section for the reaction e − p → ν e W − X was calculated with a cutoff of O(1)GeV 2 taking into account the γ-exchange contribution only. For an energy in the center of mass of 1, 296 GeV we got with our cutoff σ T = 5.5 × 10 −37 cm 2 compared to σ T = 5.05 × 10 −37 cm 2 [45] . However, for the process e − p → eZ 0 X, E. Gabrielli [45] found for the lepton vertex contribution σ lep = 3.3 × 10 −37 cm 2 . Taking the same parameters we got a result similar; namely σ lep = 3.2×10 −37 cm 2 . We also have included in our calculations the hadron vertex contribution, σ had = 2.6 × 10 −37 cm 2 .
We presented also results for the differential cross section as a function of the dimensionless variables x and y with the aim to compare the production from the leptonic vertex and the hadronic vertex. We found that there are kinematical regions where either the lepton or the hadron vertex contributions can be neglected.
One of the aims of LEP/LHC is to look for physics beyond the standard model. For example, particles predicted by supersymmetry [52] , subconstituent models [39] and others [53] . This can be done only if the results of the standard model are known in all details. Therefore we completed our discussion by presenting calculations for the energy spectrum and the angular distribution of the produced Z 0 . We found that the Z 0 for fixed x and y is mainly produced in a small, well determined region of phase space. The notation and the kinematics for heavy boson production through lepton-nucleon collision can be found in Refs. [54] and [55] . Here, we just introduce the definition of some sets of variables used in this paper.
We write the production of a boson B = (W ± , Z 0 ) through the inclusive (p ) + N(P N ) scattering as follows:
where , N , and B stand for the initial lepton, the incoming nucleon, the final lepton and the produced massive boson. For explicit construction of the particle momenta we choose in accordance with LEP/LHC kinematics the following energies and angles (whenever possible we will neglect the nucleon and lepton masses):
As usual we define the invariants:
and the dimensionless variables:
We also can obtain the following expressions:
where
The physical region of these kinematical variables is discussed in detail in Refs. [54] and [55] .
In the next subsection B, we present a summary of results and conclusions for the total cross section and differential cross section as a function of the dimensionless variables x and y for all the different reactions and reaction mechanisms which contribute to charged vector boson and neutral vector boson production in e − p-collisions reported in Ref. [56] . We also comment on the results for the energy spectrum and the angular distribution of the produced Z 0 .
Results and Conclusions
In Ref. [56] , we have presented the complete calculation of heavy vector boson production in unpolarized deep inelastic e − p-scattering in the context of the standard model and using the parton model, at LEP/LHC energies.
GeV and using the parton distributions reported by J. Botts et al., we found a total production of around 290 Z 0 , 3030W + , 3310W − bosons for an integrated luminosity de 500 pb −1 , for LEP/LHC. We have included in our calculations besides γ-exchange also Z-exchange and Wexchange diagrams, and found that these contributions can grow up to 6% of the photonic cross section (See Table 1 ). We have shown that for the y distribution heavy boson exchange contributions are important, particularly for large values of y (y ≈ 1).
We have calculated separately the contribution from the different mechanisms of charged boson production. The investigation of the separate contributions to the differential cross sections shows the compensation mechanism which is typical for the non-Abelian structure of the electroweak standard model as a gauge theory. This compensation reaches at LEP/LHC energies up to two orders of magnitude. This means that even small deviations of the coupling structure of the standard model like anomalous magnetic moment terms will lead to observable deviations in the predictions for charged boson production in e − p collisions [57, 58] .
In the case of a neutral boson Z 0 , its decays into lepton pairs provide a clear signal of its production. Neutral bosons can be produced through neutral current and charged current interactions. It is expected that the production rates for neutral current processes will be bigger than those for charged current processes, because in the later case photonexchange diagrams do not contribute in the lowest order of α.
The contribution of the Z 0 -exchange diagrams to the total cross section is only a few percent, γ-exchange diagrams dominate by far. However, for Q 2 , Q 2 large (i.e O(M 2 Z )) γ-exchange as well as Z 0 -exchange are important.
We compared the two production mechanisms, emission of the Z 0 at the leptonic vertex and at the hadronic vertex, and their interference. We found that there are kinematical regions where either the contribution from the leptonic vertex or that provided by the hadronic vertex can be neglected. The contribution to the cross section is mainly hadronic for y < ∼ 0.5 whereas for 0.8 < ∼ y < 1 it is almost purely leptonic. We also have analyzed in the LEP/LHC system the energy E k and cos θ k distributions of the produced Z 0 for given x and y (i.e. for given energy and polar angle of the final electron). Working in the region where the Z 0 -production is almost purely leptonic, we found that the E k and θ k distributions are strongly peaked. We showed that if the energy and polar angle of the scattered electron are given by scaling variables x and y, the boson Z 0 will be mostly produced with energy
Z and azimuthal angle cos φ k ≈ 0. Finally, we have pointed out that the resonance-like behavior of the E k and θ k distributions will help to discriminate between the production of a standard Z 0 and the production of other particles, such as those predicted by other theories with other reaction mechanisms, for example supersymmetry [52] and subconstituent models [39] , in the experiments which will be carried at the collider LEP/LHC.
The cross section and consequently the event rate is presumable not big enough to allow for detailed investigation of the W ± -, Z 0 -properties. However, it is of the same order or bigger than that of many exotic processes. Therefore it is important to have a complete and detailed calculations of W ± , Z 0 -production since possible new physics can be observed only is standard background events are correctly subtracted. In this sense the results of Ref. [56] may help to pace the way to new physics at LEP/LHC or future e − p-machines.
HEAVY VECTOR BOSON PRODUCTION IN DEEP INELASTIC
Large-scale neutrino telescopes [59] have as a main goal the detection of ultrahighenergy (UHE) cosmic neutrinos (E ν ≥ 10 12 eV ) produced outside the atmosphere (neutrinos produced by galactic cosmic rays interacting with interstellar gas, and extragalactic neutrinos) [60] . UHE neutrinos can be detected by observing long-range muons produced in charged-current neutrino-nucleon interactions. A very enlightening discussion on UHE neutrino interactions is given by R. Gandhi et al. [61] .
The detection of UHE neutrinos will provide us with the possibility to observe νN -collisions with a neutrino energy in the range 10 12 eV ≤ E ν ≤ 10 21 eV and a target nucleon at rest. Earlier estimations of the W production rates in νN -scattering were given in 1970, by H. H. Chen [62] , and by J. Reiff [63] , in 1971 by R. W. Brown and J. Smith [64] , and by F. A. Berends and G. B. West [65] . In those works the calculations were made using neither the standard model [38] nor the parton model [40] . One of the aims of detecting UHE neutrinos is to look for physics beyond [66] the standard model [38] . Hence, even though the cross sections for heavy boson production are expected not to be large enough to allow for detailed investigations of the heavy bosons properties, it is necessary to calculate them. Only if heavy boson production, which could be an important background for physics beyond the standard model, is completely known and subtracted, the new physics could be investigated. Further, we can expect that the cross section rates for process ν l +N → l − +W + +X could become comparable to those rates for the charged current interaction ν l + N → l − + X. The reason is that the propagator of the virtual lepton in the diagram in which the W + -boson is emitted by the neutrino (see Fig.2(a) ) behaves like the propagator of a photon [55] .
Therefore, we review in this section heavy vector boson production in the deep inelastic ν l N -scattering within the frame of the standard model SU(3) C × SU(2) L × U(1) of the strong and electroweak interactions and using the parton model [40] with the parton distribution functions reported by J. Pumplin et al. [67] . We use the CTEQ PDFs provided in a n f = 5 active flavours scheme.
The cross section for the process ν l + N → l − + W + + X is expected to be the most important one because it gets contributions from photon exchange diagrams (see Fig.2 ). We thus present results for the total cross section for W + production through the processes ν l + N → l − +W + + X as a function of the neutrino energy in the range 10 14 eV ≤ E ν ≤ 10 17 eV 1 and taking E N = m N for the nucleon. We also calculate σ (ν l + N → l − + X) to find out how it compares to σ (ν l + N → l − +W + + X).
In the next subsection B, we present a summary of results and conclusions for the total cross section of charged vector boson in ν l + N -collisions, which were reported in Ref. [68] .
Results and Conclusions
In Ref. [68] we have presented the general formulas for the cross section of the production of massive vector bosons in deep inelastic neutrino nucleon scattering in the framework of the standard model.
We have neglected the contribution from heavy boson exchange diagrams in our numerical calculations. Hence, we have given numerical results only for the total cross section rates of the process ν l + N → l − + W + + X (N : P, N.) because this reaction is the only one which gets contribution from photon-exchange diagrams in the lowest order of α. Considering the nucleon at rest, taking M W = 80.4 GeV , sin a neutrino energy in the range 10 14 eV ≤ E ν ≤ 10 17 eV , setting cuts of 4 GeV 2 and 10 GeV 2 for the momenta transfer square (Q 2 and Q 2 ) and the invariant mass (W ). We made use of the parton distribution functions of J. Pumplin et al., we used the CTEQ PDFs provided in a n f = 5 active flavors scheme. In particular, we have obtained σ (ν l + P → l − + W + + X) = 2.3 × 10 −35 cm 2 and σ (ν l + N → l − + W + + X) = 1.8 × 10 −35 cm 2 for E ν = 10 17 eV . We have also shown that the total cross section rates of the process ν l +N → l − +W + +X do not depend strongly on the choice of the cuts on the momenta transfer square (Q 2 and Q 2 ), when we take them equal to a few GeV 2 .
We have also presented results for σ (ν l + N → l − +W + + X)/σ (ν l + N → l − + X) (N : P, N) as a function of E ν in the range 10 14 eV ≤ E ν ≤ 10 17 eV , with E N = m N . We have gotten σ (ν l + P → l − + W + + X)/σ (ν l + P → l − + X) = 4.7 × 10 −3 and σ (ν l + N → l − +W + + X)/σ (ν l + N → l − + X) = 3.6 × 10 −3 for E ν = 10 17 eV .
Finally, we pointed out that the cross section rates for the process ν l + N → l − + W + + X did not become so large as one could expect, due to the strong destructive interference between the two different mechanisms which contribute at the lowest order in α (keeping only photon exchange diagrams): production at the leptonic vertex ( Fig.2(a) ) and through the boson self interaction (Fig.2(e) ). Such destructive interference mechanism is an intrinsical attribute of the standard model as a non-Abelian gauge theory. magnitude. This means that even small deviations of the coupling structure of the standard model like anomalous magnetic moment terms could lead to observable deviations in the predictions for the process ν l + N → l − +W + + X [69] . 
